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Study design: Prospective cohort study. 

Purpose: To assess whether additional implantation of Coflex following spinal decompression provided better clinical outcomes 
compared to decompression alone for symptomatic lumbar spinal stenosis (LSS) and to determine whether improvement in clinical 
outcomes correlated with changes in the radiological indices studied. 

Overview of Literature: Literature on benefits of additional Coflex implantation compared to decompression alone for symptomatic 
LSS is limited. 

Methods: Patients with symptomatic LSS who met the study criteria were offered spinal decompression with Coflex implantation. 
Those patients who accepted Coflex implantation were placed in the Coflex group (n=22); while those opting for decompression alone, 
were placed in the comparison group (n=24). Clinical outcomes were assessed preoperatively, six-months, one-year and two-years 
postoperatively, using the Oswestry disability index, 1 00 mm visual analogue scale (VAS)-back pain and VAS-leg pain, and short form- 
36 (SF-36). Radiological indices (disc height, foraminal height and sagittal angle) were assessed preoperatively six months, one year, 
and two years postoperatively 

Results: Both groups showed statistically significant (p<0.001 ) improvement in all the clinical outcome indicators at all points in time 
as compared to the preoperative status. However, improvement in the Coflex group was significantly greater (/7<0.001) than the com- 
parison group. Changes in the radiological indices did not correlate significantly with the improvement in clinical outcome indicators. 
Conclusions: Additional Coflex implantation after spinal decompression in symptomatic LSS offers better clinical outcomes than 
decompression alone in the short-term. Changes in radiological indices do not correlate with the improvements in clinical outcomes 
after surgery for symptomatic LSS. 
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Introduction 

Lumbar spinal stenosis (LSS) is a common cause of back 
and leg pain in the elderly, often resulting in significant 



disability and impaired quality of life [1]. The prevalence 
of LSS ranges from 1.7% to 8% in the general population 
[2], with a peak incidence in the fifth to seventh decade 
of life. It is also the most common indication for spinal 
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Table 1. Inclusion and exclusion criteria 



Inclusion criteria 



Patients with symptomatic degenerative lumbar spinal stenosis 

presenting with back and leg pain 
Radiological correlation with clinical presentation 
Failure of at least six months of conservative treatment includ- 
ing one or more of the following: analgesia, physiotherapy and 
acupuncture 

Patient's leg symptoms are partially relieved by forward flexion 



Exclusion criteria 



Caudaequina syndrome 

Previous surgery at the level in question 

Spondylolisthesis higher than Meyerding Grade I 

Spinal stenosis at >2 levels 

Spinal stenosis involving the L5/S1 segment 

Denovo scoliosis (Cobb's angle >15°) 

Spinal infection 

Malignant spinal conditions 

Positive nerve root tension signs 

Instability on flexion/extension lateral radiographs greater than 
Meyerding Grade I 



surgery in the old age population [3]. Back pain in LSS 
may be due to 1) disc degeneration with secondary facet 
hypertrophic arthropathy and instability, 2) mechanical 
compression of nerves by bone, ligament or disc mate- 
rial, and 3) biomechanical mediators of inflammation or 
pain [4]. Ogikubo et al. [5] showed that there is a direct 
relationship between the cross sectional area of the dural 
sac at the most constricted spinal level (mCSA) and the 
severity of leg and back pain. The smaller the mCSA, 
the greater is the severity of leg and back pain [5]. Spinal 
decompression relieves the local stenotic pathology and 
has been shown to improve the symptoms of back and leg 
pain after surgery [6,7] . There are several studies showing 
superior results after surgery compared to conservative 
treatment [7-11] for symptomatic LSS. In the absence 
of progressive neurological deficit or cauda equina syn- 
drome, surgical options are considered electively when 
conservative measures fail to relieve the patient's symp- 
toms [12]. Spinal fusion is generally considered when 
there is preoperative or intraoperative evidence of spinal 
instability [3,13-15]. 

The symptoms of LSS are typically worsened on ex- 
tension and relieved on flexion [16-20]. This has been 
attributed to the narrowing of the spinal canal and in- 
tervertebral foramen on extension, resulting in neural 
compression. Biomechanical studies have shown that the 
use of interspinous spacers (ISPs) significantly prevents 
narrowing of the lumbar spinal canal and intervertebral 
foramen in extension [21]. While these devices reduce 
flexion-extension range at the instrumented level, axial 
rotation and lateral bending at that level and range of 
motion at the adjacent levels remain unaffected [22]. Ad- 
ditionally, studies have shown that ISPs reduced the intra- 
discal pressure and stabilized the implanted level [23,24]. 



Presently, ISPs are being used to address a wide-range of 
clinical indications like degenerative spinal stenosis, dis- 
cogenic low back pain, facet syndrome, disc herniation 
and spinal instability [25] . 

Coflex (formerly Tnterspinous U'; Paradigm Spine, 
LCC, New York, NY, USA) is a dynamic ISP It is a U- 
shaped, compressible device that can be implanted be- 
tween the spinous processes after decompression. While 
there is data comparing the results of Coflex with spinal 
fusion [26,27], information on its role as an adjunct to 
lumbar decompression is limited. Thus, the aims of our 
study are 1) to assess whether additional implantation 
of Coflex following spinal decompression provided bet- 
ter clinical outcomes compared to spinal decompression 
alone and 2) to determine whether improvement in clini- 
cal outcomes correlated with changes in the radiological 
indices studied. 

Materials and Methods 

A prospective cohort study was conducted at our institute 
after Institutional Review Board's (IRB) approval. Pa- 
tients with symptomatic LSS, fulfilling the criteria listed 
in Table 1 were identified. All patients were offered spinal 
decompression with Coflex implantation at the affected 
level(s). Those patients who accepted Coflex implantation 
were placed in the study group (Coflex group); while the 
comparison group comprised of those opting for decom- 
pression alone. Between May 2007 and July 2009, 46 con- 
secutive patients were recruited in the study-22 in the Coflex 
group (n=22) and 24 in the comparison group (n=24). Our 
senior author operated upon all the patients (N.K.). 

The mean age of the patients in the Coflex and the com- 
parison group was 57.9 years (range, 40-74 years) and 
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Table 2. Demographic and baseline clinical data of tine two groups 



Variable 


Coflex group (n=22) 


Comparison group (n=24) 


Mean age (range, yr) 


57.9 (40-74) 


61.8(49-78) 


Sex (males:females) 


13:9 


14:10 


Preoperative ODI score 


51.73±7.23 


49.58±13.86 


Preoperative VAS (back pain) score 


B0.86±6.39 


54.38±13.90 ] 


Preoperative VAS (leg pain) score 


63.45±8.98 


57.42±9.96 


Preoperative SF-36 score 


22.914±3.31 


27.329±7.16 



ODI, Oswestry disability index; VAS, visual analogue scale; SF-3B, short form-36. 



61.8 years (range, 49-78 years; p=0. 127), respectively. The 
male:female ratio in the respective groups was 13:9 (n=22, 
Coflex group) and 14:10 (n=24, comparison group, 
p=0.958). Two patients in the Coflex group and one in the 
comparison group underwent two level surgeries (L3/4 
and L4/5). Rest of the patients underwent one level sur- 
gery (L4/5). All patients were followed up for two years 
postoperatively and none of them was lost to follow-up. 
The preoperative data in the two groups is illustrated in 
Table 2. 



from the next postoperative day. Early return to activities 
was encouraged after surgery. 

3. Clinical outcome assessment 

Clinical outcome scores were assessed preoperatively, six 
months, one year and two years postoperatively using the 
Oswestry disability index (ODI), 100 mm visual analogue 
scale (VAS)-back pain, VAS-leg pain, and short form-36 
(SF-36). 



1. Surgical technique 



4. Radiological assessment 



Patients were operated under general anaesthesia and in 
prone position. Microscopic interlaminar decompressi- 
on was performed through a standard posterior midline 
approach in all the patients. Partial laminotomy, excision 
of hypertrophic ligamentum flavum and undercutting 
facetectomy were done to decompress the involved ste- 
notic level(s). The Coflex group underwent additional 
implantation of the Coflex ISP at the involved level(s) 
through the same surgical incision. In order to implant 
the device, the supraspinous ligament was dissected sub- 
periosteally, elevated and hinged on the superior spinous 
process. The interspinous ligament was dissected and 
excised. The implant was inserted between the adjacent 
spinous processes and the flanges were crimped as per 
the manufacturer's instructions, so that it was seated snu- 
gly. Satisfactory placement of the implant and adequate 
segmental sagittal alignment were ensured under image 
intensifier guidance. 

2. Postoperative care 

All the patients in both groups received similar postop- 
erative care. They were allowed to ambulate as tolerated 



Standardized, erect antero-posterior and lateral lumbo- 
sacral radiographs, taken preoperatively and immediate, 
six months, one year and two years postoperatively were 
assessed by a blind observer, who did not participate 
in surgery and took all the measurements thrice (SDD) 
using the GE Centricity Enterprise Web (ver. 3.0, Little 
Chalfont, Buckinghamshire, UK, 2006). Disc height was 
calculated by taking the mean of the anterior and poste- 
rior disc heights at the level in question. Anterior disc 
height was calculated as the distance between the anterior 
inferior corner of the upper vertebral body and the an- 
terior superior corner of the lower vertebral body. Like- 
wise, posterior disc height was calculated as the distance 
between the posterior inferior corner of the upper verte- 
bral body and the posterior superior corner of the lower 
vertebral body. The foraminal height was measured as the 
maximum distance between the inferior margin of the 
pedicle of the superior vertebra and the superior margin 
of the pedicle of the inferior vertebra. Sagittal angle was 
measured by determining the angle subtended between 
the lines drawn parallel to the superior endplate of the 
cephalad vertebra and the inferior endplate of the caudad 
vertebra. Implant subsidence was calculated on serial 
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postoperative lateral radiographs by assessing the change 
in the magnitude of the interspinous line at the affected 
level. Interspinous Une was defined as the line joining the 
anterior superior edge of the cephalad spinous process to 
the anterior superior edge of the caudad spinous process 
(Fig. 1). 

5. Statistical analysis 

Statistical analysis was performed using the Statistical 
Package for Social Sciences (ver. 19, SPSS Inc., Chicago, 
IL, USA). A paired t-test was performed to compare the 
sis months, one year and two years ODI, VAS (back pain 
and leg pain), and SF-36 scores with the respective preop- 
erative scores in both groups. Bonforroni technique was 
used to adjust for multiple comparisons. Mixed model 
analysis was performed to compare the improvement 
in ODI, VAS-back pain and leg pain, and SF-36 scores 
between the Coflex group and comparison group. Un- 
structured variance-covariance was used and the baseline 
was included in the model for adjustment. The influence 
of duration of follow-up on the outcome parameters was 
also included in the analysis. Preoperative and postopera- 
tive radiological indices (disc height, foraminal height. 



sagittal angle) were compared within the two groups by 
using a paired Mest. A two-sample Mest was performed 
to compare the changes in the radiological indices from 
the baseline. Bonforroni technique was used to adjust for 
multiple comparisons. Correlation between changes in 
the radiological indices and improvement in the chnical 
outcome indicators (VAS-back pain and leg pain, ODI, 
SF-36 scores) was determined using the Pearsons correla- 
tion test. A p-value of <0.05 was considered as statisti- 
cally significant. 

Results 

1. Clinical Outcome scores 

1) Oswestry disabihty index (Fig. 2) 
The mean ODI score for both the Coflex and the com- 
parison group showed significant improvement at six 
months, one year, and two years as compared to the 
preoperative score (p<0.001). The mean ODI score in 
the Coflex group improved from 51.73 preoperatively to 
22.91, 22.64 and 17.36 at six months, one year, and two 
years, respectively. The mean ODI score in the compari- 
son group improved from 49.58 preoperatively to 32.17, 





Fig. 1. Lateral lumbosacral radiographs showing radiological indices studied. Red lines, anterii 
line, foraminal height; yellow lines, sagittal angle; pink line, interspinous line. 



ior and posterior disc heights; green 
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30.08, and 28.50 at six months, one year, and two years, 
respectively. The mean improvement in ODI scores of 
patients in the Coflex group was significantly greater than 
the comparison group (p<0.001). The mean difference in 
ODI improvement between the two groups was 10.4 (95% 
confidence interval [CI], 8.8-12.1), being greater in the 
Coflex group. 

2) VAS-back pain and leg pain (Fig. 3) 

The mean VAS score for both back pain and leg pain in 




Coflex group 
Corrpafison group 



Preoperative 



Time 



Fig. 2. Comparison of ODI in the two groups at various points in time. 
There was a significant reduction in ODI scores (/7<0.001) compared to 
baseline in both groups, but reduction in scores in the Ccoflex group 
was significantly greater than the comparison group (/7<0.001 ). 



both the Coflex and comparison groups showed a signifi- 
cant improvement at six months, one year and two years 
as compared to the preoperative score (p<0.001). The 
mean VAS-back pain score in the Coflex group improved 
from 60.86 preoperatively to 26.14, 13.18, and 8.39 at six 
months, one year, and two years, respectively. The mean 
VAS-back pain score in the comparison group improved 
from 54.38 preoperatively to 32.88, 32.21, and 29.46 at six 
months, one year, and two years, respectively. 

The mean VAS-leg pain score in the Coflex group im- 
proved from 63.45 preoperatively to 19.77, 12.50, and 7.80 
at six months, one year, and two years, respectively. The 
mean VAS-leg pain in the comparison group improved 
from 57.42 preoperatively to 27.75, 28.29, and 20.92 at six 
months, one and two years, respectively. 

The mean VAS-back pain and mean VAS-leg pain 
scores in the Coflex group improved significantly greater 
than the comparison group (p<0.001). The mean differ- 
ence in VAS-back pain improvement was 17.6 (95% CI, 
14.1-21.1) and in VAS leg pain improvement was 15.5 
(95% CI, 11.2-19.8) between the two groups, each being 
greater in the Coflex group. 

3) SF-36 score 

There was a statistically significant improvement in SF- 
36 scores at six months, one year and two years compared 
to the preoperative scores in both the Coflex and the 
comparison groups (jxO.OOl). The mean SF-36 score in 



Enorbar tor VAS- back pain 



EnorbarforVAS-ieq pain 




Preoperative 6 mo 




I- Coflex 
group 

I- 

Comparison 
group 



Preoperative 



Time 



Time 



Fig. 3. Comparison of visual analogue scale (VAS)-back pain and leg pain in the two groups at various points in time. There was a 
significant reduction in VAS-back pain and leg pain scores (/7<0.001) compared to baseline in both groups, but reduction in scores 
in the coflex group was significantly greater than the comparison group (p<0.001 ). 
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the Coflex group improved from 22.91 preoperatively to 
51.16, 53.60, and 54.96 at six months, one year, and two 
years, respectively. The mean SF-36 score in the compari- 
son group improved from 27.33 preoperatively to 43.21, 
47.41, and 49.90 at six months, one year, and two years, 
respectively. The mean SF-36 scores improved signifi- 
cantly greater in the Coflex group than the comparison 
group (p<0.001). The mean difference in SF-36 improve- 
ment between the two groups was 7.7 (95% CI, 4.9-10.5), 
being greater in the Coflex group. 

2. Radiological indices 

1) Coflex group 

There was a significant increase in the mean disc height 
of +1.52 mm, at the operated level at six months com- 
pared to the preoperative height (p<0.001). However, 
this increase in height was not sustained at one year and 
two years follow-up and the resultant height was not 
significantly greater than the preoperative height (one 
year: +0.45 mm,p=0.052; two years: +0.18 mm,p=0.434). 
The mean foraminal height showed an increase of 3.98 
mm, 2.44 mm, and 1.76 mm at the operated level at six 
months, one year and two years, respectively, which were 
significantly greater compared to the preoperative level 
(p<0.001). The mean sagittal angle showed an increase 
of 4.58°, 4.10°, and 3.36° at six months, one year and two 
years, respectively, which were significantly greater com- 



pared to the preoperative level (p<0.001). Implant subsid- 
ence was noted in 14 and 15 implantations at the end of 
one and two years, respectively, ranging from 1 to 5 mm. 
However, implant subsidence did not make a significant 
difference to the clinical outcomes and all patients con- 
tinued to improve to a comparative degree clinically. 

2) Comparison group 

There was a decrease in the mean disc height of 1.16 
mm, 2.24 mm, and 2.45 mm at the operated level at six 
months, one year, and two years, respectively. There was 
a decrease in the mean foraminal height of 1.63 mm, 3.10 
mm, and 3.65 mm at the operated level at six months, one 
year and two years, respectively. The mean sagittal angle 
at the operated level showed an overall increase of 1.92°, 
3.30°, and 3.43° at six months, one year, and two years, 
respectively. Differences in all the three indices when 
compared to the preoperative levels, were statistically sig- 
nificant (p<0.001) at six months, one year, and two years. 

Preoperative disc height, foraminal height and sagittal 
angle in both the groups were not significantly differ- 
ent. However, increases in the mean disc and foraminal 
heights at all three points in time in the Coflex group 
were significantly greater (p<0.001) than the comparison 
group (Figs. 4, 5). The increase in the sagittal angle in 
both the groups was comparable at all points in time (sis 
months: p=0.932; one year: p=0.266; two years: p=0.126). 
Though there were significant differences in the disc and 



o 



Comparison of disc heioM in the two groups 



I- Coflex group 

I- Coinparison group 



Preoperative 



1 yr 



2yr 



Time 



Fig. 4. Comparison of disc heiglnts in tine two groups at various points 
in time. Increase in disc height in the Coflex group was statistically 
significant (p<0.001) compared to the decrease in height in the com- 
parison group. 




I- Coflex group 

1- Comparison group 



Fig. 5. Comparison of foraminal heights in the two groups at various 
points in time. There were significant changes in the foraminal height 
(/7<0.001) in both groups compared to baseline. Increase in foraminal 
height in the Coflex group was statistically significant (p<0.001) com- 
pared to the decrease in the comparison group. 
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Table 3. Correlation between radiological indices and clinical outcome parameters 






Correlation coefficient 


(r)/p -value 




Clinical outcome 
parameter 




Disc height 


Foraminal height 




Coflex 


Comparison 


Coflex 


Comparison 


VAS-back pain 


-0.154/0.505 


-0.196/0.359 


0.360/0.109 


-0.068/0.753 


VAS-leg pain 


-0.077/0.739 


0.172/0.421 


-0.054/0.816 


0.219/0.305 


ODI 


0.214/0.352 


-0.152/0.478 


0.028/0.904 


0.241/0.257 


SF-36 


0.598/0.063 


-0.242/0.255 


0.386/0.084 


-0.034/0.874 



VAS, visual analogue scale; ODI, Oswestry disability index; SF-36, short form-36. 



foraminal heights after surgery in the two groups, we did 
not find any correlation between the changes in radio- 
logical indices and improvements in the clinical outcome 
indicators (Table 3). 

3. Complications 

One patient in the Coflex group (dural puncture) and 
four patients in the comparison group (3-dural puncture 
and 1-deep infection) had procedure related complica- 
tions. The incidence of complications in the two groups 
was not significantly different (p=0.35). 

Discussion 

Coflex was first introduced in 1994 by the French ortho- 
pedic surgeon Jacques Samani as an alternative to fusion 
(Samani J, unpubUshed work). Since then, the device has 
been used in various degenerative spinal conditions [26- 
30]. However, high level evidence on its clinical efficacy 
and indications remains limited. 

Coflex, a dynamic ISP, reduces the intradiscal pres- 
sure and stabilizes the spinal segment in extension, but 
has almost no effect in flexion, lateral bending and axial 
rotation in a biomechanical setting [24] . Implantation of 
Coflex aims at unloading the facet joints, restoring the 
foraminal height and stabilizing the spinal segment after 
decompression. Since it can be implanted through the 
same midline incision, which is used to perform decom- 
pression and in view of its proposed benefits, it is worth- 
while to determine if additional implantation of Coflex 
after spinal decompression offers any better chnical out- 
comes compared to decompression alone. Literature on 
this issue is very limited. 

In a prospective, case-control, one year follow-up study 



comparing additional implantation of Coflex after de- 
compression to decompression alone for symptomatic 
LSS, Richter et al. [30] concluded that additional Coflex 
implantation is safe but not beneficial. They found a 
significant clinical improvement (VAS, ODI, Roland- 
Morris disability score and pain free walking distance) 
in patients of both groups after surgery. However, the 
improvement was not significantly different in the two 
groups. We performed a prospective, cohort, two year 
follow-up study comparing the same treatments, in a 
similar group of patients, using similar clinical outcome 
indicators (VAS, ODI, and SF-36). Like Richter et al. [30], 
we did find significant improvement in both the groups 
compared to the preoperative status. However, patients 
in the Coflex group in our study improved significantly 
greater than the comparison group in all clinical outcome 
indicators at all points in time. 

Celik et al. [29] reported chnical outcomes (VAS, ODI) 
of Coflex implantation after decompression in symptom- 
atic LSS at one year. Patients in their study showed sig- 
nificant clinical improvement after surgery, but they con- 
cluded that it was the decompression that was responsible 
for improvement and additional Coflex implantation was 
unnecessary. They, however, did not have a comparison 
group in their study. As it is evident, our findings are in 
contrast with these authors as well. 

Park et al. [27] compared Coflex implantation after 
spinal decompression with posterior lumbar interbody 
fusion for degenerative LSS and found comparable clini- 
cal effectiveness after either treatments. However, they 
concluded that the efficacy of Coflex as an adjunct to 
decompression, may be sustained merely for months af- 
ter the surgery, and hence, its clinical applications must 
be reconsidered. Their argument was based on the fact 
that radiological indices like disc height and reduction of 
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vertebral slip were not maintained for long after Coflex 
implantation. In our study, initial improvement in disc 
height at six months was not sustained at one year and 
two years, while improvement in foraminal height and 
sagittal angle, above the level of significance was sus- 
tained at two year follow-up after Coflex. Nevertheless, 
we found no correlation between the changes in disc and 
foraminal heights and improvement in the outcome indi- 
cators; the Coflex group continued to show significantly 
greater clinical improvement compared to the compari- 
son group at all points in time in our study. Hence, we 
believe that the benefit conferred by the additional im- 
plantation of Coflex after decompression cannot be pre- 
sumed to be short- lived only because the changes in the 
radiological indices are not sustained over time. 

In summary, Uke other authors, our study showed that 
surgical treatment offers significant improvement in the 
clinical outcomes in symptomatic LSS [27,29,30]. How- 
ever, the Coflex group in our study improved significantly 
greater than the comparison group, and this is not in 
agreement with the only other study similar to ours [30]. 
Since we did not find any correlation between the changes 
in radiological indices and improvement in outcomes, we 
do not agree with the other authors that Coflex implanta- 
tion does not offer added benefit [29] or that the benefit 
may not be sustained for a long time [27]. Implantation 
of Coflex as an adjunct to decompression is superior to 
decompression alone as it offers significantly better clini- 
cal outcomes in patients with symptomatic LSS. The su- 
perior clinical outcomes with Coflex implantation can be 
attributed to its function of unloading the facet joints and 
stabiUzing the spinal segment after decompression. More- 
over, the technique of implanting the device is simple and 
can be done through the same midline approach that is 
used for decompression. 

While a smaller sample size is a limitation of our study, 
we firmly believe that the study assumes relevance because 
of its prospective nature and the findings that are different 
from what has been previously reported. Randomization 
of patients in the two groups would have further strength- 
ened the study. However, the decision to receive Coflex 
was left to the patients in our study. The demographic 
data in the two groups was comparable and bias was fur- 
ther minimized as all the patients were operated by the 
same surgeon (N.K.). Stronger conclusions can be drawn 
from a similar study with greater number of patients and 
a longer follow-up, which is currently under way. 



Conclusions 

To conclude, additional Coflex implantation after spinal 
decompression in symptomatic LSS offers better clini- 
cal outcomes than decompression alone at short- term. 
Changes in radiological indices do not correlate with 
the improvements in clinical outcomes after surgery for 
symptomatic LSS. 
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